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Abstract

Abstract

Keywords: Connection, Hybrid timber structure, Fire resistane performance, Charring depth
1. Background

Applying engineering timber products could effectively reduce the Carbon emission in the
construction industry. Fire resistance performance of timber structure has been a concerned issue in
the promotion of using engineering timber products. In Taiwan, instead of cover the timber with the
fire resisting gypsum board, designers and owners prefer to have the uncovered timber surface for the
nature interior atmosphere. In the fire resisting design, massive timber member can increase the
section dimension to reach the desire fire rate. For the connection, due to the section reduction by the
predrilled dowel holes and the slits for accommodate shear plate heat tends to be transported into the
timber through these process if they are not covered. This may lead to large charring area and depth
than expectation and cause a notable reduce in resistance and stiffness. In addition, owing to the
climate condition and environment in Taiwan, hybrid timber structures such as concrete-timber or
steel-timber structure who have better weather resistance and structural performance are more
acceptable and popular in the market. Steel column- glued laminated timber beam system features of
light weight, and higher lateral resistance than conventional timber structure. The steel columns can
be recycled after the life circle of the building. Also, the dry construction in field also make it
becoming popular in the practice. For the fire safety of its connection, the column have to cover with
fire painting with one hour fire resisting capacity for a building lower than 12m height in Taiwan.
However, the temperature of the steel surface is allowed to reach 400 degree. The high temperature
may be transferred to the shear plate inserted in the timber beam of the connection area and induce
wood pyrolysis of the neighboring timber. This may cause higher fire painting thickness requirement

for reducing the steel surface temperature.

2. Research Method

One hour fire tests following the CNS 12514-1 test standard and static loading tests are planned to

evaluate the fire resisting capacity and residual strength of the connections. Four full-scale timber
XI
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connection specimens were prepared for the fire test. One is glued laminated timber beam-column
connection, and three are square tube section steel column- glued laminated timber beam connections.
Timber beam made of Cryptomeria japonica and Pseudotsuga menziesii which are common used
material in market are prepared. Steel column with one hour painting and three hour painting
thicknesses, timber covers for the dowel and silt at the connection are applied at individual specimen
to evaluate their performance. After the fire tests, connection specimen were monotonically loaded
up to find the ultimate strengths. Also, three new counterpart connections were also prepared and
cyclically tested to make a comparison with the fired specimen. The charring area, depth and residual

strengths of the connection are recorded to evaluate the fire resistance of the connections.

3. Important Finding

(1) For the glued laminated column-beam connection, the heat was transported into the beam through
the uncovered slit and dowels. The wood surrounding the dowel was charred, and the area since
the bottom of the beam extended to the bottom dowels and generated charred depth of about 10cm
which was about two times of the desing value. The connection exhibit the most serious charring

area in the specimens.

(2) The steel column-timber beam connections show similar result. The wood surrounding the dowel
hole was also charred. The monotonic load tests of the fired connections show some slips at
beginning of the loading which means the connection perform as a hinge under small deformation
range. The temperature at the surface of the shear plate was reduced to 200 degree from 400

degree when the 3hour fire painting was applied. Then the wood near the plate was not charred.

(3) When the 2cm thickness wood covers were applied at the outer ends of the dowels and the slit,

the dowel hole was not charred and the charring depth at bottom of the beam was notably reduced.

(4) The four specimens all exhibit larger charring depths that those of their beam sections, especially
for the specimens using Cryptomeria japonica beams. The bottom charring depth reaches two
times of the design value. For the connection with wood covers, the charring depth at the lateral

side and bottom side of beam at connection is about 10% and 18% larger than the design value.

X1
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(5) The residual strengths of the uncovered specimens were only about 30% of that of the healthy
counterpart connections. However, the strength of the specimen with wood covering exhibited
about 67% of that of its counterpart. The wood covering not only reduces the charring are and

depth but maintaining the higher residual resistance.

(6) For evaluating the residual strength of the connection, the charred depth should be deducted in the
calculation. The equations proposed in the report show generally reasonable and conservative

results comparing with the test results.

4. Main Suggestions

Suggestion 1

Increase connection fire design section in the chapter 9 of the timber design code.
Organizer: Architecture and Building Research Institute of the Ministry of the Interior.
Co-organizer: National Land Management Agency, MOI.

The test results have shown that the wood covering not only reduces the charring depth but
contributes to maintain the higher residual resistance which presents notable improvement than that
of without covering. It is suggested to put more discriptions of fire safety design, research results and

recommended application examples the chapter 9 of the timber design code.
Suggestion 2

Establish connection fire design paremeter data base.

Organizer: Architecture and Building Research Institute of the Ministry of the Interior.
Co-organizer: National Land Management Agency, MOI.

Timber connection has different types and details depending on various performance requirements
and structure systems. Several paramenters such as the cover thickness, dimensions and application
methods and so on should be quantified and organized for the fire design use. These need systematic

experiments to establish data base.

X1
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Suggestion 3

Study on post-fire repair and retrofitting technologies for timber buildings

Organizer: Architecture and Building Research Institute of the Ministry of the Interior.
Co-organizer: National Land Management Agency, MOI.

The test results have shown that fire would significantly reduce the structure performance of the
connection. Therefore the post-fire repair and retrofitting technologies would be needed for the timber
building. The research team suggests that the related research achievements and references could be
collected. And post-fire capacity evaluating method, and repair-retrofit methods should be developed

through experimental approach.

XV
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